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09/644,324, filed on August 23, 2000, which claims priority to Japanese Patent 
Application Nos. 238,794/1999 filed August 25, 1999 and 070,872/2000 filed 
March 14, 2000, the contents of which are incorporated herein by specific reference. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0002] The present invention relates to an optical packet routing system for routing 
an optical signal by using the optical label signal carrying the control information 
necessary for the routing of the optical signal, more particularly, to a multiple- 
wavelength optical source unit to be used for a network system whose a plurality of 
communication nodes are connected by the wavelength routing system and an optical 
communication unit and an optical communication method to be used for an optical 
communication system whose internode communication among the communication 
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[0003] With the explosive spread of the internets, and portable personal telephones 
and the like, the research and development activities for the establishment of large- 
capacity network are under way both at home and abroad. With the communication 
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nodes constituting each of the existing networks, an optical signal transmitted through 
an optical fiber transmission line is converted into an electric signal; an address 
information and the like carried by the signal is read out; the signal is electrically 
switched to a desired output port according to the information; the signal is converted 
into an optical signal at the output port; and the optical signal is then transmitted 
through the optical fiber transmission line. However, with the exponential-growth in 
the communication traffic, in the near future, the routing processing capacity by the 
electrical routing processes is considered to reach its limit. To overcome this problem, 
it is important for the communication nodes to establish a routing method for enabling 
the routing of the signal within the optical layer, that is, a routing method for enabling 
the routing without converting the optical signal into the electric signal. 
[0004] As a technique for realizing the above goal, the wavelength routing technique 
is coming to the fore. In the case of the wavelength routing technique as schematically 
illustrated in FIG. 1, any optical signal fed into a given input port can be routed 
selectively to different output ports according to its wavelength without being converted 
into an electric signal, by using an optical device (e.g., arrayed-waveguide grating) 
having a wavelength selectivity. 

w 

[0005] FIG. 2 schematically illustrates the general composition of the network 
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8 § g 3 - system interconnecting a plurality of communication nodes by utilizing the wavelength 

5 1 2 < 5 3 routing function of the cyclic-wavelength arrayed-waveguide grating. In the case of 
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O < £ this network system, with a cyclic-wavelength arrayed-waveguide grating 60 having a 
wavelength routing processing function, the optical signal transmitted from a 
communication node is routed in the form of the light according to its wavelength 
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without undergoing any electrical processing for routing, so that high-speed routing is 
possible. 

[0006] To illustrate the composition of FIG. 2, the network system comprises N 
number of communication nodes 30 (communication nodes #1-N) and a cyclic- 
wavelength arrayed- waveguide grating 60 having a wavelength routing processing 
function. Each communication node 30 comprises transmitter equipment 40 and 
receiver equipment 50. The transmitter equipment 40 comprises N number of optical 
sources 41 for transmitting optical signals having wavelengths X\ -Xn. 
[0007]. The optical signals (wavelength: A,l-An) transmitted from the transmitter 
equipment 40 of each communication node 30 are introduced into the input ports of the 
cyclic-wavelength arrayed-waveguide grating 60 having the wavelength routing 
processing function. The cyclic-wavelength arrayed-waveguide grating 60 routes the 
optical signals incoming from various communication nodes 30 to different output ports 
according to the wavelengths, M-Xn , of the optical signals. Since this routing 
processing of the optical signal is carried out according to the wavelength of the optical 
signal while maintaining the form of the light without being subjected to any electrical 
processing, the high-speed routing is possible. 

[0008] The optical signals (wavelength: AT An) came out from the output ports of the 
cyclic-wavelength arrayed-waveguide grating 60 is introduced into the receiver 
equipment 50 in each communication node 30. 

[0009] The detail of the wavelength routing processing by the cyclic-wavelength 
arrayed-waveguide grating 60 will be described referring to FIG. 3. Optical signals 
(wavelength: XI-X4) varying in wavelength transmitted from various communication 
nodes (#l-#4) are fed to the input ports 61a-61d of the cyclic-wavelength arrayed- 
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waveguide grating 60. In this case, the optical signal transmitted from the 
communication node #1 to the input node 61a is outputted from the output port 62a 
when its wavelength is A,l, from the output port 62b when its wavelength is XI, from the 
output port 62c when the wavelength is A3 and from 62d when the wavelength is A,4. 
[0010] The optical signal to be transmitted from the communication node #2 to the 
input port 61b is outputted from the output port 62d when its wavelength is XI, from the 
output port 62a when its wavelength is XI, from the output port 62b when its 
wavelength is A3, and from the output port 62c when its wavelength is A,4. 
[0011] The optical signal to be transmitted from the communication node #3 is 
outputted from the output port 62c when its wavelength is XI, from the output port 62d 
when its wavelength is XI, and from the output port 62a when its wavelength is A3, and 
from the output port 62b when its wavelength is AA 

[0012] The optical signal to be transmitted from the communication node #4 to the 
input port 61 d is outputted from the output port 62b when its wavelength is XI, from the 
output port 62c when its wavelength is A2, from the output port 62d when its 
wavelength is A3, and from the output port 62a when its wavelength is A,4. 
[0013] Thus, by the routing to be carried out as described above, the optical signals 
having the same wavelengths respectively transmitted from the communication nodes 
#l-#4 will never be outputted from the same output port. In other words, the 
wavelength routing by using the cyclic-wavelength arrayed-waveguide grating as is 
shown in FIG. 3 is characterized by that the optical signals having the same 
wavelengths fed to different input ports of the grating are outputted from different 
output ports of the grating respectively, so that the conflict among the data having the 
same wavelengths with respect to the output port can be prevented. 
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[0014] However, in the case of conventional network system as is shown in FIG. 2, 
especially in the case of the network comprising N number of communication nodes, it 
is necessary to provide N number of optical sources with wavelengths strictly adapted 
to the wavelength characteristic of the cyclic-wavelength arrayed-waveguide grating 
with respect to each of the communication nodes and thus requiring N x N number of 
optical sources, which is a problem to be resolved. Especially, providing N number of 
optical sources for each communication node not only results in the increase in the 
burdens such as the increase in the size and cost of the communication node but also 
results in the increase in total cost of the network system. 

[0015] Next, a prior art relating to the second embodiment of the present invention 
will be described. 

[0016] Conventionally, as an optical communication system for carrying out the 
optical communication among a plurality of communication nodes through a router, a 
system shown in FIG. 4 has been available. 

[0017] The communication nodes lOOa-lOOd are respectively provided with one of 
the corresponding optical signal transmitters 71a-71d for respectively transmitting one 
of the corresponding optical signals 76a-76d and also respectively provided with one of 
the corresponding optical label signal transmitters 72a-72d for respectively transmitting 
one of the corresponding optical label signals 77a-77d carrying the control information 
necessary for the routing of the optical signal. 

[0018] The routing device 80 is connected respectively to each communication 
nodes lOOa-lOOd through the corresponding optical transmission lines 81a-81d and 
comprises wavelength demultiplexers 74 for separating the optical signals and the 
optical label signals, optical receivers 78e for receiving the optical label signals 

5 DocketNo. 14321.27.1 



separated by the wavelength multiplexers 74, optical splitters 79 for branching the 
optical signals separated by the wavelength demultiplexers 74 to a plurality of optical 
paths and a plurality of optical gates 75a-75d for selecting the optical path by the 
routing processing for passing or intercepting the optical signals according to the 
control information in the optical label signals 77a-77d respectively connected to a 
plurality of the corresponding optical paths. The control circuit section for controlling 
the optical gates 75a-75d are not shown in the figure. 

[0019] When the optical signals 76a-76d and the optical label signals 77a-77d 
respectively including the control routing information of the optical signals are fed 
respectively to the router 80 through the optical transmission lines 81a-81d after being 
transmitted respectively from a plurality of communication nodes lOOa-lOOd (the four 
communication nodes #l-#4 in the case shown in the figure), the optical signals 76a- 
76d and the optical label signals 77a-77d are respectively separated by the wavelength 
demultiplexers 74 provided in the router 80 respectively corresponding to the 
communication nodes. 

[0020] Further, the optical signals 76a-76d are respectively branched by the optical 
splitter 79 in the stage following the wavelength demultiplexer 74 and respectively 
introduced into the corresponding optical gates (three optical gates among the optical 
gates 75a-75d in the case shown in the figure) through a plurality of optical paths of 
substantially the same length (three optical paths in the case shown in the figure). On 
the other hand, the optical label signals 77a-77d are respectively guided to the 
corresponding optical receivers 78e. Next, when the optical signal passes one or a 
plurality of optical gates among a plurality of optical gates 75a-75d, which is or are 
designed to be driven according to the information carried by the optical label signal 
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received by the optical receiver 78e, the optical path for the optical signal is selected 
from among the optical paths 82a-82d. 

[0021] The time required for the optical signal 76 (the representative number of 76a- 
76d) to arrive at the optical gate 75 (the representative number of 75a-75d) from the 
input port of the wavelength demultiplexer 74 of the router 80 is given as tl; the time 
required for the optical label signal 77 (the representative number of 77a-77d) 
corresponding to the optical signal 76 to arrive at the optical receiver 78e from the input 
port of the wavelength demultiplexer 74 is given as t2; the time required for the optical 
receiver 78e to drive the optical gate 75 (to permit the optical signal to pass) after 
completing the reception of the optical label signal 77. Under these conditions, in the 
optical gate 75, in order for the optical signal 76 to be processed for proper gating, it is 
necessary for each of the communication nodes 100 (the representative number of 100a- 
lOOd) to output both the optical signal 76 and the optical label signal 77 respectively 
with a time lag so that the time lag becomes equal to the relative time lag T (the time 
lag between the front of the optical signal 76 and the end of optical label signal 77 
arrived at the input port pf the wavelength demultiplexer 74, denoted by numeral 90 in 
FIG. 5) to satisfy the inequality (1) given below. 

w 
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g8<$= [0022] On the other hand, in order to raise the data communication efficiency among 

5 12 1% I the communication nodes 100, as shown in FIG. 6, it is necessary to adjust the relative 
O < 5 time lag T in the above inequality (1) so that the time lag At (denoted by numeral 91) 
between the arrival time of the optical signal 76 at the optical gates 75 to drive the 
optical gates 75 and the time (denoted by numeral 92) at which the optical signal is 
allowed to pass is reduced as far as possible. 
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[0023] By predetermining the values of tl, t2 and t3 in the above inequality (1), the 
relative time lag T between the optical signal 76 and the optical label signal 77, which 
is necessary for proper gating of the optical signal 76 by the optical gate 75, can be 
determined. 

[0024] However, in general, in the case of the optical communication system by 
using the optical label signal, for the easy separation of the optical signal and the optical 
label signal by the router 80, these signals have different wavelengths. Therefore, the 
relative time lag between the optical signal and the optical label signal varies according 
to transmission distance due to the effect of the wavelength dispersion of the optical 
fiber which is a transmission medium of the optical signal. In consequence, the time lag 
T between the transmission of the optical signal and that of the optical label signal set 
by the communication node 100 differs from the relative time lag T at immediately 
before the input port of the wavelength demultiplexer 74 of the router 80. Since the 
distances from various communication nodes 100 to the router 80 vary, it is necessary 
to adjust the transmission time lag T between the transmission of the optical signal and 
that of the optical label signal so that the relative time lag T for each of the 
communication nodes 100 satisfies the above inequality (1). 

[0025] However, since the router and each communication node are, in general, 
arranged at physically separated locations, when setting the previously mentioned 
transmission time lag T at each communication node, it is necessary to adjust in real- 
time conjunction so that the data is transmitted properly to each communication node, 
but this process is very cumbersome in the case of the conventional system. 
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SUMMARY OF THE INVENTION 

[0026] The present invention has been made in consideration of the problems of the 
related arts, and from a new viewpoint that is not expected in the conventional methods. 
[0027] Thus, it is the first object of the present invention concerning the first 
embodiment of the present invention to provide an optical communication device 
capable of resolving the previously mentioned problem of the conventional wavelength 
routing by drastically reducing the number of optical sources necessary for each 
communication node by providing shared optical sources to be shared among a plurality 
of communication nodes so that the number of required optical sources in each of the 
communication nodes is reduced and each of the communication nodes is not required 
to be provided with its own optical source having the wavelength strictly adjusted for 
data transmission. 

[0028] Further, another object relating to the first embodiment of the present 
invention is to provide an optical communication device capable of forming a simple 
system not requiring each communication node to be provided with its own optical 
sources having its wavelength strictly adjusted for data transmission. 
[0029] In order to achieve the above object, a multi-wavelength optical source 
equipment employed for an optical network system with a plurality of communication 
nodes connected with one another by a wavelength routing method and for converting 
the wavelength of the optical signals to desired wavelengths so as to transmit to desired 
communication nodes, the optical signals carrying the control information concerning 
the routing of the signals from each of the communication nodes, comprising: first 
optical splitters for branching the optical signals transmitted from each of the 
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communication nodes to a first optical path and a second optical path; optical receivers 
for receiving the optical signals that have passed the first optical path; second optical 
splitters for branching the optical signals that have passed the second optical path to a 
plurality of optical paths; a plurality of optical gates for passing or intercepting the 
optical signals branched by the second splitters; wavelength converters for converting 
the wavelength of the optical signals outputted from the optical gates into desired 
wavelengths; a controller for controlling optical gates according to the control 
information relating to the routing of the optical signals received by the optical 
receivers; optical delay devices for adjusting the optical path length so that the optical 
signals that have passed the second optical path will not enter the optical gates before 
the optical gates are driven by the controller; multi-wavelengths optical sources for 
supplying the light having desired wavelength to each of the wavelength converters; and 
wavelength multiplexers for multiplexing the optical signals whose wavelengths have 
been converted by the wavelength converters. 

[0030] It is the second object of the present invention concerning the second 
embodiment of the present invention to provide an optical communication system and 
an optical communication method for enabling individual communication nodes to self- 
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[0031] In order to achieve this object, according to the present invention, an optical 
communication equipment comprising: a plurality of communication nodes having an 
optical signal transmitter for transmitting the optical signals and an optical label signal 
transmitter for transmitting the optical label signals carrying the control information 
concerning the routing of the optical signals respectively , for transmitting the optical 
signals and the corresponding optical label signals giving a relative transmission time 
lag; a router having wavelength demultiplexers connected to each of the communication 
nodes through the optical transmission line for separating the optical signals from the 
optical label signals, optical label signal receivers for receiving the optical label signals 
separated by one of the wavelength demultiplexers, optical splitters for branching the 
optical signals separated by one of the wavelength demultiplexers to a plurality of 
optical paths of a substantially the same length, a plurality of optical gates for routing 
by passing or intercepting the optical signal with respect to a corresponding optical path 
of the a plurality of optical paths according to the information carried by the optical 
label signal received by one of the optical label signal receivers; each of the 
communication nodes comprises: an optical signal transmission means for transmitting 
the optical signals addressed to the communication node that transmitted it through the 
optical transmitter; an optical label signal transmission means for transmitting the 
optical label signal carrying the routing information of the optical signal through the 
optical label signal transmitter; an optical receiver for receiving the optical signal 
addressed to the communication node that transmitted it and returned through the 
router; a diagnosing means for diagnosing the optical signal received by the optical 
receiver; and an adjusting means for adjusting the transmission time lag between the 
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optical signal and the optical label signal according to the result of the diagnosis by the 
diagnosing means. 

[0032] In order to achieve the second object, according to the present invention, an 
optical communication method for optical communication by using the a plurality of 
communication nodes for transmitting the optical signal and optical label signal with 
relative transmission time lag and an optical router for passing or intercepting the 
optical signal according to the control information carried by the optical label signal, 
comprising the steps of: transmitting from each communication node an optical signal 
addressed to the communication node that transmitted it and the corresponding optical 
label signal giving a relative transmission time lag; receiving from each communication 
node the optical signal addressed to the communication node that transmitted it through 
the router; testing whether the optical signal addressed to the communication node that 
transmitted it has been received without an error or not; and setting the transmission 
time lag between the optical signal addressed to the communication node that 
transmitted it and the corresponding optical label signal according to the result of the 
test so that the optical signal addressed to the communication node that transmitted it is 
received without an error, and the transmission time lag set in this way is set as the 
transmission time lag between the optical signal and the corresponding optical label 
signal with respect to the corresponding communication node. 

[0033] In the network system according to the first embodiment of the present 
invention where a plurality of communication nodes are connected by means of the 
wavelength routing method, multi-wavelength optical source equipment, having shared 
multi-wavelength optical sources and a wavelength conversion function, is provided 
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between each the communication node and the wavelength router and is shared by each 
communication node. 

[0034] With this arrangement, in the case of the first embodiment of the present 
invention, the wavelength of the optical signals transmitted from each communication 
node can be converted into the wavelengths adapted for routing to desired 
communication nodes by using the light provided from the shared multi-wavelength 
optical sources, whereby for a plurality of communication nodes interconnected by the 
wavelength routing system, the number of the optical sources for the data transmission 
provided for each communication node, which results in the building of a low-cost 
system. 

[0035] Further, in the first embodiment of the present invention, the wavelength of 

the principal optical signals transmitted from each communication node are converted 

into the wavelengths necessary for the wavelength routing by the multi-wavelength a 

optical source equipment, so that it is not necessary to provide optical sources having 

strictly defined wavelength for each communication node, thereby making easier the 

system configuration. 

[0036] Further in the first embodiment of the present invention, though the 




transmission bit rate of the data increases, it is possible to reduce the load of the 



electrical processing for reading the routing information of the data by transmitting the 



routing information of the data with a low bit-rate optical signal having the wavelength 



differing from the data signal. 



[0037] Further, in the case of the first embodiment of the present invention, the 



status information of data transmissions from the communication nodes can be 



13 



Docket No. 14321.27.1 



converged to the multi-wavelength optical source equipment, so that the control of the 
network can be made easier. 

[0038] According to the second embodiment of the present invention, each of the a 
plurality of nodes sends out the optical signal (optical signal addressed to the 
communication node that transmitted it) and the corresponding optical label signal to 
the router; the optical signal addressed to the communication node that transmitted it is 
made to pass the optical gate of the router according to the control information of the 
optical label signal and returned to the communication node that transmitted the optical 
signal; the communication node examines the optical signal addressed to the 
communication node that transmitted it after receiving the optical signal and adjusts the 
transmission time lag between the optical signal and the corresponding optical label 
signal so that the optical signal can be received correctly. 

[0039] By doing so, according to the second embodiment of the present invention, 
the transmission time lag T between the optical signal and the corresponding optical 
label signal can be adjusted self-supportingly by each communication node. Therefore, 
according to the second embodiment of the present invention, even in the case of an 
optical communication system wherein the optical path length between the router and 




proper timing, thereby surely and easily preventing a part or whole of an optical signal 



each communication node differs case by case and the optical signal and optical label 



communication node are respectively made to pass the optical gates of the router by 



signal use different wavelength respectively, the optical signals sent out from each 



from being lost due to the routing processing. 
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[0040] Further, according to the second embodiment of the present invention, the 
performance for setting the transmission time lag can be made easier and wild reduction 
for each communication node. 

[0041] Therefore, the optical packet routing system by using the optical label signals 
according to the present invention can be expected to be capable of contributing to the 
development of the optical communication systems such as Metropolitan Area Network 
(MAN), a communication carrier, Wide Area Network (WAN), those for business 
enterprises, those for universities such as the campus area networks and the like. 
[0042] The above and other objects, effects, features and advantages of the present 
invention will become more apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] Various embodiments of the present invention will now be discussed with 
reference to the appended drawings. It is appreciated that these drawings depict only 
typical embodiments of the invention and are therefore not to be considered limiting of 
its scope. 

[0044] FIG. 1 is a schematic diagram illustrating the wavelength routing by using an 
optical device having wavelength selectivity; 

[0045] FIG. 2 is a block diagram showing a conventional optical communication 
system using an arrayed-waveguide grating; 

[0046] FIG. 3 is a diagram illustrating the wavelength routing processing by an 
arrayed-waveguide grating; 

[0047] FIG. 4 is a block diagram schematically showing the composition of a 
conventional optical communication system; 

[0048] FIG. 5 is a schematic diagram illustrating the time lag between the front of 
the optical signal and the end of the optical label signal in a conventional optical 
communication system; 

[0049] FIG. 6 is a schematic diagram illustrating the time lag between the time at 
which the optical gate started to drive and the time at which the optical signal arrives at 
the optical gate in a conventional optical communication system; 
[0050] FIG. 7 is a block diagram showing a system comprising the multi-wavelength 
optical source equipment according to the present invention; 

[0051] FIG. 8 is a block diagram showing the first example of the composition of the 
multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 
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[0052] FIG. 9 is a block diagram showing the second example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0053] FIG. 10 is a block diagram showing the third example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0054] FIG. 11 is a schematic diagram showing the internal structure of the 
wavelength converter with a built-in optical gate constituting the multi-wavelength 
optical source equipment; 

[0055] FIG. 12 is a block diagram showing the fourth example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0056] FIG. 13 is a block diagram showing the fifth example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0057] FIG. 14 is a block diagram showing the sixth example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0058] FIG. 15 is a block diagram showing the seventh example of the composition 
of the multi-wavelength optical source equipment according to the first embodiment of 
the present invention; 

[0059] FIG. 16 is a block diagram showing the eighth example of the multi- 
wavelength optical source equipment according to the first embodiment of the present 
invention; 
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[0060] FIG. 17 is a block diagram showing the ninth example of the composition of 
the multi-wavelength optical source equipment according to the first embodiment of the 
present invention; 

[0061] FIG. 18 is a block diagram showing the tenth example of the composition of 
the multi-wavelength optical source equipment as the first embodiment of the present 
invention; 

[0062] FIG. 19 is a block diagram showing the eleventh example of the composition 
of the multi-wavelength optical source equipment according to the first embodiment of 
the present invention; 

[0063] FIG. 20 is a block diagram showing the twelfth example of the composition 
of the multi-wavelength optical source equipment according to the first embodiment of 
the present invention; 

[0064] FIG. 21 is an illustrative diagram showing the input-output relation of the 
cyclic-wavelength arrayed-waveguide grating 60; 

[0065] FIG. 22 is a schematic diagram illustrating the input-output relation of the 
wavelength demultiplexers 45a-45d; 

[0066] FIG. 23 is a block diagram showing the first example of the general 
composition of the optical communication system according to the second embodiment 
of the present invention; 

[0067] FIG. 24 is a flow chart showing the operation procedure of the first example 
of the optical communication system according to the second embodiment of the 
present invention; 
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[0068] FIG. 25 is a flow chart showing the operation procedure of the second 
example of the optical communication system according to the second embodiment of 
the present invention; 

[0069] FIG. 26 is a block diagram showing the third example of the optical 
communication system according to the second embodiment of the present invention; 
[0070] FIG. 27 is an illustrative diagram showing the input-output relation of the 
cyclic-wavelength arrayed-waveguide grating 120; and 

[0071] FIG. 28 is a schematic diagram showing the input-output relation of the 
wavelength demultiplexers 84a-84d. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0072] The configurations and operations of optical packet routing network system 
according to the embodiments of the present invention will be described below with 
reference to the drawings. 

The First Example of Composition of the First Embodiment 

[0073] The basic composition of the first embodiment of the present invention will 
be described referring to FIGS. 7 and 8. For the parts shared to those of the prior art 
shown in FIG. 2 with shared numerals and symbols, the descriptions thereof will be 
omitted here. 

(Composition of the System) 

[0074] FIG. 7 schematically shows the composition of the network system provided 
with the multi-wavelength optical source equipment relating to the present invention. 
The network system comprises N number (4 in the present embodiment) of 
communication nodes 30 (i.e., communication node #1 -communication node #4), multi- 
wavelength optical source equipment 70 relating to the present invention and the cyclic- 
wavelength arrayed-waveguide grating 60 having wavelength routing function. Each 
communication node 30 is provided with transmitter equipment 40 and receiver 
equipment 50. 

[0075] The transmitter equipment 40 of the communication node #1 is provided with 
optical sources 41 for transmitting an optical signal having a single wavelength Xa. 
Similarly, the communication node #2 has an optical source 41 for transmitting optical 
signals having a single wavelength A.b; the communication node #3 has an optical 
source 41 for transmitting optical signals having a single wavelength A.c; the 
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communication node #4 has an optical source 41 for transmitting optical signals having 
a single wavelength Xd. These wavelengths, A,a, Xb, Xc and A,d are predetermined. 
[0076J Multi -wavelength optical source equipment 70 incorporates N number of 
shared optical sources corresponding to the N number of the communication nodes. 
Since this embodiment comprises 4 communication nodes, the multi-wavelength optical 
source equipment 70 incorporates 4 optical sources 8a, 8b, 8c and 8d. Further, the 
multi-wavelength optical source equipment 70 comprises input ports and output ports 
respectively the corresponding in number to the number of the communication nodes. 
In the case of the present embodiment, the multi-wavelength optical source equipment 
70 is provided with 4 input ports la- Id and 4 output ports 2a-2d. The input ports la- Id 
are connected to the transmitter equipment 40 of the corresponding communication 
nodes #l-#4 respectively. The output ports 2a-2d are connected to the corresponding 
input ports 61a-61d of the cyclic-wavelength arrayed-waveguide grating 60 
respectively. 

[0077) the output ports 62a-62d of the cyclic-wavelength arrayed-waveguide 
grating 60 are connected to the receiver equipment 50 of the corresponding 
communication nodes #l-#4. 

Multi-wavelength Optical Source Equipment 

[0078J Next, the internal structure of the multi-wave optical source equipment 70 
will be described referring to FIG. 8. In this embodiment, 4 input ports and 4 output 
ports are provided respectively, but the numbers are not necessarily be limited to 4 in 
the case of the present invention. 
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[0079] In FIG. 8, numeral 3 denotes a 1 x 2 optical splitter comprising 1 input port 
and 2 output ports. Numerals 4, 5, 6 and 7 denote an optical delay device, an optical 
receiver, an optical gate and an optical gate control system (controller) respectively. 
[0080] Numerals 8a-8d are shared optical sources for emitting the optical lights 
having the wavelengths Aa, Xb, Xc and Xd. Numeral 9 denotes a 1 x 4 optical splitter 
comprising 1 input port and 4 output ports. Numerals 10a- lOd denote wavelength 
converters. Numerals 1 1 denotes a wavelength multiplexer comprising 2 input ports 
and 1 output port. Numerals 12 denotes a wavelength multiplexer comprising 4 input 
ports and 1 output port. 

[0081] Numeral 13 denotes an optical line. Numerals 14a-14d denote optical lines 
connecting individual communication nodes 30 and the individual input ports la-Id of 
the multi-wavelength optical source equipment 70. Numerals 15a-15d are optical lines 
connecting the output ports 2a-2d of the multi-wavelength optical source equipment 70 
and the input ports 61a-61d of the cyclic-wavelength arrayed-waveguide grating 60. 
Numeral 16 denotes an electric line connecting the optical receiver 5 and the optical 
gate control system 7. 

[0082] In the above case, for example, silica glass waveguide type optical splitters 



Op>s«s may be employed as the optical splitters 3 and 9; an optical fiber type optical delay 
z 8 £ 5c E 3 - device, as the optical delay device 4; a device using a semiconductor optical amplifier, 
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S-lgslg* as the optical gate 6; distributed feedback type semiconductor lasers, as the shared 
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O < 3S sources 8a-8d; a device using semiconductor amplifier, as wavelength converters 10a- 
lOd; a silica glass waveguide type wavelength multiplexer, as the wavelength 
multiplexer 11; an arrayed-waveguide grating, as the wavelength multiplexer 12; an 
optical fiber, as the optical line 13. 
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(Operation of Multi-wavelength Optical Source Equipment) 

[0083] Next, an explanation will be made as to the operation of the multi-wavelength 
optical source equipment 70. It will be explained by an example how the optical signal 
S12 addressed to the communication node #2, sent out from the communication node #1 
connected with the input port la is transmitted to the communication node #2. 
[0084] The optical signal S12 sent out from the communication node #1 to the 
communication node #2 is fed to the input port la of the multi-wavelength optical 
source equipment 70. This optical signal is composed of a data component and a 
control component for employed selecting the optical gates and the like to direct the 
designation communication node, both the components having an identical wavelength 
to. 

[0085] The control component of the optical signal is designated as the optical label 
signal. 

[0086] The optical signal fed to the input port la is branched to the first optical path 
22 and the second optical path 23 by means of the optical splitter 3. The optical signal 
branched to the first optical path is guided to the optical receiver 5 that is connected 
with the control system 7. On the other hand, the optical signal branched to the second 
optical path is guided to each of the four optical gates 6 through an optical fiber type 
optical delay device 4 and the optical splitter 9. 

[0087] The control information contained in the control component of the optical 
signal received by the optical receiver 5 is analyzed by the control system 7. According 
to the result of analysis, the control system 7 outputs the control signal for the gate 
selection to the optical gates 6. One or plural optical gate(s) 6 are selected according to 
the control signal (i.e., the control component for the selection of optical gates) from the 
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control system 7, and the optical signal is outputted from the output port of one or plural 
selected optical gate(s) 6. 

[0088] Individual output ports of the optical gates 6 are respectively connected to the 
corresponding wavelength converters 10a, 10b, 10c and lOd through the wavelength 
multiplexers 11. The optical signal outputted from the output port of one or plural 
selected optical gate(s) is fed to the input port of the wavelength converter lOi (i 
represents any one of a, b, c and d) connected to the selected optical gate 6. The light 
having one of the wavelengths (k\-X4) is supplied to the wavelength converter lOi from 
the multi-wavelength optical source 8j (j represents any one of a, b, c, and d, and i = j) 
through the optical fiber and the wavelength multiplexer 1 1 . The wavelength converter 
lOi converts the wavelength of the inputted optical signal into the wavelength (i.e., 
wavelength AJ2, provided that the wavelength may be any one of A,l-A4) for the routing 
to the addressed communication node #2. 

[0089] The optical signal whose wavelength is converted into A,12 by the wavelength 
converter lOi is guided to one of the input ports 61a-61d (Refer to FIG. 7) of the cyclic- 
wavelength arrayed-waveguide grating 60 connected to the output ports 2a-2d of the 
multi-wavelength optical source equipment 70. With the cyclic-wavelength arrayed- 
waveguide grating 60, the output port leading to the communication node 30 is selected 
which is specified by the control component of the optical signal according to the 
wavelength XI 2 of the optical signal by means of the wavelength routing as is described 
in connection with the prior art. In the case of the present embodiment, the output port 
leading to the communication node #2 is selected. In this way, the optical signal is 
routed by the cyclic-wavelength arrayed-waveguide grating 60 so as to be received by 
the addressed communication node #2. 
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[0090] Similarly, the wavelength of an optical signal transmitted from any 
communication node 30 to one or plural desired communication node(s) is converted 
into one or plural wavelength(s) by means of the multi-wavelength optical source 
equipment 70 according to the present invention in response to the control component 
of the optical signal and the optical signal is made to be received by one or plural 
addressed communication node(s) 30 by means of the cyclic-wavelength arrayed- 
waveguide grating 60 having the wavelength routing function. 

[0091] As discussed above, the multi -wavelength optical source equipment 70 
according to the present invention is provided with shared multi-wavelength optical 
sources 8a-8d, which can be shared among the communication nodes 30 
(communication nodes #l-#4) and give the light with appropriate wavelengths 
necessary for the wavelength routing to the wavelength converters 10a- lOd from these 
optical sources 8a-8d and providing to each communication nodes 30. Therefore, eight 
optical sources in total, that is, the four optical sources in the communication nodes 30 
and another four optical sources in the multi-wavelength optical source equipment 70, is 
sufficient for this optical network system. 

[0092] The total number of the optical sources required for the example optical 

w 

0LS3I network system can be expressed generally as N + N (= 2N), the sum of the number N 
z S H < E D - f° r communication nodes 30 and the number N for the multi-wavelength optical 
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S I o § fe 3 source equipment 70, while the same in the case of the prior art is N x N (= N ). In 
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O < 55 consequence, in the case of the present invention, the number of optical sources 
required by each communication node can be reduced largely, and the effect of such 
reduction become larger as the number of the communication nodes constituting the 
optical network increases. 
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[0093] Further, since the wavelengths (A.a - Xd) of the optical sources 41 for 
employed transmitting, provided in individual communication nodes 30 are converted 
into those of the optical sources 8a-8d by means of the wavelength converters 10a- lOd, 
the wavelengths of the optical sources 41 are not necessarily required to be strictly 
controlled wavelengths. Therefore, the work load for setting the wavelength of each of 
the communication nodes 30 can be reduced. 

[0094] Concerning the present embodiment, the explanation has been made as to the 
examples of the case in which the silica glass optical waveguide type optical splitter is 
employed as the optical splitters 3 and 9, but the optical splitter consisting of the optical 
fiber or the polymer material may be used. Further, the example of the case in which 
the optical fiber is used as the optical delay device 4, but the optical delay device 4 may 
consist of a planar lightwave circuit. Further, an example of the case in which the silica 
glass optical waveguide type wavelength multiplexer is employed as the wavelength 
multiplexer 1 1 has been explained, but the wavelength multiplexer may be of the optical 
fiber. Further, an example of the case in which the cyclic-wavelength arrayed- 
waveguide grating is employed as the wavelength multiplexer 12 was explained, but the 
wavelength multiplexer may be of the dielectric multilayer or one composed of the fiber 
grating and circulator. Further, the Fabry-Perot semiconductor laser may be employed 
as the optical source 41 to be provided for each communication node. Further, the 
elements for the multi-wavelength optical source equipment 70 are not necessarily 
limited to those described above as long as equivalent function is available. 
(Effectiveness) 

[0095] As explained in the foregoing, according to the first embodiment of the 
present invention, in a network system comprising a plurality of communication nodes 
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which are connected with one another by the wavelength routing method, since a multi- 
wavelength optical source equipment comprises shared multi-wavelength optical 
sources to be shared among individual communication nodes and wavelength 
conversion function provided between each communication node and each wavelength 
router, the wavelength of the optical signal transmitted from each communication node 
can be converted into the wavelength adapted for the routing to the desired 
communication node by the output lights from the shard multi-wavelength optical 
sources, whereby, in consequence, the number of optical sources employed for data 
transmitting to be provided for each of the plural communication nodes, which are 
connected with one another by the wavelength routing method, can be reduced largely 
for the building of a low-cost system. 

[0096] Further, since the multi-wavelength optical source equipment having the 
shared multi-wavelength optical sources to be shared among individual communication 
nodes is provided, the wavelength of the principal optical signal transmitted from each 
communication node is converted into the wavelength adapted for the wavelength 
routing by the multi-wavelength optical source equipment, so that it is not necessary to 
allocate the optical sources having a strictly defined wavelength for data transmission, 
thereby making the composition of the system easier. 

[0097] Further, since the multi-wavelength optical source equipment comprising the 
shared multi-wavelength optical sources to be shared among the individual 
communication nodes, though the transmission bit-rate of the data increases, it is 
possible to reduce the load of the electrical processing for reading the routing 
information of the data by transmitting the routing information of the data with a low 
bit-rate optical signal having the wavelength differing from the data signal. 
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[0098] Furthermore, since the multi-wavelength optical source equipment 
comprising the shared multi-wavelength optical sources to be shared among individual 
communication nodes, the status information of data transmissions from the 
communication nodes can be converged to the multi-wavelength optical source 
equipment, so that the control of the network can be made easier. 

Composition Example 2 of the First Embodiment 

[0099] Next, the composition example 2 of the first embodiment of the present 
invention will be explained referring to FIG. 9. The parts of this composition shared to 
those of the basic composition shown in FIGS. 7 and 8 are given shared numerals and 
symbols and the explanation thereof are omitted here. 

[00100] This example is a variation of the basic composition shown in FIG. 8. In the 
case of the multi-wavelength optical source equipment 70 shown in the FIG. 8, the 
output ports of the optical splitter 9 for branching the optical signal passing the second 
optical path 23 to a plurality of optical paths are respectively connected to the optical 
gates 6. 

[00101] In contrast, in the case of the present embodiment, as shown in FIG. 9, 
wavelength converters 20a-20d, having optical gate function respectively, are 
respectively connected between each pair of the wavelength multiplexer 11 and the 
wavelength multiplexer 12, located respectively in the stage following the each output 
port of the optical splitter 9, to form the multi-wavelength optical source equipment 70. 
Each of the wavelength converters 20a-20d including the optical gate function, has both 
the optical gate function for passing or intercepting the optical signal outputted from the 
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output port of the optical splitter 9 and the wavelength conversion function for 
converting the wavelength of the optical signal into a desired wavelength. 
[00102] Next, an explanation will be made as to the optical gate function of the 
wavelength converters 20a-20d including optical gate function. The control 
information, for selecting one or plural of the optical gate(s), included in the optical 
signal is guided for analysis to the control system 7 through the optical receiver 5 so 
that the control system 7 outputs the control signal for the selection of the optical gates 
to the corresponding wavelength converters 20a-20d including optical gate function 
according to the result of the analysis. However, in FIG. 9, the electric lines for the 
control signal between the control system 7 and each of the wavelength converters 20a- 
20d including optical gate function, is omitted for avoiding the complication of the 
diagram. 

[00103] Concerning the wavelength converters 20a-20d including optical gate 
function, the wavelength converter 20i (i represents any one of a, b, c and d) 
corresponding to the addressed communication node is selected according to the control 
information. And the optical signal is outputted from the output port of the selected 
wavelength converter 20i. 




used as the substitutes for the optical gates 6 and the wavelength converters 10a- lOd 



shown in FIG. 8, so that the number of parts can be reduced further. 



[00104] The wavelength converters 20a-20d with the optical gate function can be 
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[00105] Next, the composition example 3 of the first embodiment of the present 
invention will be explained referring to FIG. 10. The parts shared to those explained in 
FIGS. 8 and 9 are given shared numerals and symbols and the explanation thereof are 
omitted here. 

[00106] This example is a variation of the basic composition shown in FIG. 9. In the 
case of the multi-wavelength optical source equipment 70 shown in FIG. 9, one of the 
wavelength converters 20a-20d, having the optical gate function respectively, is 
interposed for connecting each pair of wavelength multiplexing path 11 and the 
wavelength multiplexer 12, which are located respectively in the stage following one of 
the output ports of the optical splitter 9 for branching the optical signal passing the 
second optical path 23 to a plurality of optical paths. On the other hand, in the case of 
the present example, as shown in FIG. 10, each of the wavelength converters 21a-21d 
incorporating an optical gate is connected to the following stage of each of the output 
ports of each optical splitter 9 to form the multi-wavelength optical source equipment 
70. Each of the wavelength converters 21a-21d incorporating the optical gate has both 
the wavelength conversion function for converting the wavelength of the optical signal 
outputted from the output port of the optical splitter 9 into a desired wavelength and an 
optical gate for passing or intercepting the optical signal in the device. 
[00107] FIG. 11 shows the internal structure of each of the wavelength converters 
21a-21d incorporating an optical gate respectively. In FIG. 11, Numerals 301 and 302 
denotes input ports of the wavelength converters 21a-21d respectively incorporating an 
optical gate; Numerals 311 and 312, input ports of the wavelength converter 10 (the 
representative number of 10a- lOd); Numeral 321, an input port of the optical gate 6; 
Numeral 41 1 , an output of the wavelength converter 10; Numeral 41 2, an output port of 
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the optical gate 6; Numeral 401, an output port of the wavelength converter 
incorporating an optical gate; Numerals 501, 502, 510 and 520, optical lines. 
[00108] The input port 301 of the wavelength converter incorporating an optical gate 
receives the input light from any one of the shared optical sources 8a-8d, while the input 
port 302 receives the optical signal that has passed the optical splitter 9. 
[00109] The output port 411 of each of the wavelength converters 10a- lOd outputs the 
optical signal whose wavelength has been converted into the wavelength of the shared 
optical source. That is, when the wavelengths of the shared optical sources 8a-8d are 
given as Xa, A,b, Xc and Xd, the wavelength converter 1 0 connected to the shared optical 
source 8a outputs a signal whose wavelength has been converted into the wavelength 
Xa; the wavelength converter 10 connected to the shared optical source 8b outputs a 
signal whose wavelength converted into the wavelength Xb; the wavelength converter 
10 connected to the shared optical source 8c outputs a signal whose wavelength 
converted into Xc; the wavelength converter 10 connected to the shared optical source 
8d outputs a signal whose wavelength converted into Xd. 

[00110] The control information, for selecting one or plural optical gate(s), included 
in the optical signal is led, through the optical receiver 5, to the control system 7 for 
analysis, and the control system 7 outputs the control signal for the selection of the 
optical gates to one of the wavelength converters incorporating optical gates 21a-21d 
according to the result of the analysis. However, in FIG. 10, the lines for control signal 
between the control system 7 and each of the wavelength converters 21a-21d 
incorporating an optical gate respectively is omitted for avoiding the complication of 
the diagram. 
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[00111] The optical signal passed the optical splitter 9 is fed to the input port 302 of 
the wavelength converter 21 (the representative number of 21a-21d) incorporating an 
optical gate and outputted from the output port 401 of the wavelength converter 21 
incorporating an optical gate after undergoing the wavelength conversion by the 
wavelength converter 10 for being output from its output port 41 1 and subsequent input 
to the optical gate 6 and passing the output port 412 of the optical gate 6 whose state is 
open. The optical signal outputted from the output port 401 passes the wavelength 
multiplexer 12 and routed to the destination communication node by means of the 
wavelength routing by the cyclic-wavelength arrayed-waveguide grating. 
[Composition Example 4 of the First Embodiment] 

[00112] Next, the composition example 4 of the first embodiment of the present 
invention will be explained referring to FIG. 12. The parts shared to those of the 
previous example are given shared numerals and symbols and the explanation thereof is 
omitted. 

[00113] This example is a variation of the basic composition shown in FIG. 8. That 
is, the multi-wavelength optical source equipment 70 incorporates the cyclic- 
wavelength arrayed-waveguide grating 60 as an optical component having the 
wavelength routing function. 

[00114] In the cases of various composition examples including the first embodiment 
of the present example, the cyclic-wavelength arrayed-waveguide grating 60 is 
employed as an optical component having the wavelength routing function, but the 
components other than this component may be used as long as the latter have the 
functions equivalent to that of the former. 
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Composition Example 5 of the First Embodiment 

[001 15] Next, composition example 5 of the first embodiment of the present invention 
will be explained referring to FIG. 13. The parts shared to those of previous examples 
are given shared numerals and symbols and the explanation thereof are omitted. 
[00116] In the case of this example, with the multi-wavelength optical source 
equipment 70, the principal optical signals transmitted from a communication node 30 
are connected with a wavelength demultiplexer 31 for separating the principal optical 
signal and the control optical signals differing from the principal optical signals in 
wavelength instead of the optical splitter 3 in the case of the previously mentioned basic 
composition. For this wavelength demultiplexer 31, a silica glass waveguide type 
wavelength demultiplexer may be employed. The rest of the composition is similar to 
the basic composition shown in FIG. 8. 

[00117] The operation of the multi-wavelength optical source equipment 70 will be 
explained. It will be explained below giving an example how the principal optical 
signal addressed to the communication mode #3 sent out from the communication node 
#1 connected to the input port la of the multi-wavelength optical source equipment 70 
will reach the destination communication node #3. 

[001 18] The principal optical signal addressed to the communication node #3 and the 
optical signal for control differing in wavelength from the principal optical signal are 
transmitted from the communication node #1 to be inputted to the input port la of the 
multi-wavelength optical source equipment 70. The principal optical signal fed to the 
input port la and the control signal to be used for controlling the operation of the multi- 
wavelength optical source equipment 70 are branched to the first optical path 22 and the 
second optical path 23 by means of the wavelength demultiplexer 31. The optical 
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signal for control (including the control component for the selection of the optical gate) 
branched to the first optical path 22 is guided to the optical receiver 5 connected to the 
control system 7. On the other hand, the principal optical signal (including the data 
component) branched to the second optical path 23 is guided to the optical gate 6 
through the optical fiber type optical delay device 4 and the optical splitter 9. 
[00119] The optical signal for control received by the optical receiver 5 is analyzed by 
the control system 7. The control system 7 outputs the control signal for the selection 
of the optical gate to the optical gates 6 according to the result of the analysis. The 
optical gate 6 is selected according to the control signal (i.e., control component for the 
selection of the optical gate), and the principal optical signal is outputted from the 
output port of the selected optical gate 6. 

[00120] The optical signal outputted from the output port of the selected optical gate 6 
is inputted to the wavelength converter lOi (i is a, b, c or d) connected to the selected 
output port. The light having one of wavelengths (A.1-A4) are supplied to the wavelength 
converter lOi from the multi-wavelength optical source 8j (j is a, b, c or d, and i = j) 
through the optical fiber and the optical multiplexer 11. The wavelength converter lOi 
converts the wavelength of the optical signal into the wavelength (wavelength X.13; 
however, XI 3 is one of \\-X4 ) adapted for the routing to the destination communication 
node #3 by means of the cyclic-wavelength arrayed-waveguide grating 60 having the 
wavelength routing function. 

[00121] The optical signal whose wavelength has been converted into the wavelength 
XI 3 by way of the wavelength converter lOi is guided to the input port 61 i (i is one of a, 
b, c or d) of the cyclic-wavelength arrayed-waveguide grating 60 connected to the 
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corresponding output port 2i (i is one of a, b, c or d) of the multi-wavelength optical 
source equipment 70 (Refer to FIG. 7). 

[00122] With the cyclic-wavelength arrayed-waveguide grating 60, the output port 
leading to the desired communication node 30 is selected by the wavelength routing. In 
the case of this example, the output port connected to the communication node #3 is 
selected. In this way, the optical signal is routed to be received by the destination 
communication node #3 by the cyclic-wavelength arrayed-waveguide grating 60. 
[00123] Similarly, the principal optical signal transmitted to the communication node 
#j from the communication node #i is converted into the desired wavelength Xij by the 
multi-wavelength optical source equipment 70 and routed on the basis of the converted 
wavelength Xij to the communication node #j by the cyclic-wavelength arrayed- 
waveguide grating 60. 

[00124] As described below, the same effect as that in the above case can be obtained 
where the cyclic-wavelength arrayed-waveguide grating 60 is incorporated into the 
multi-wavelength optical source equipment 70 shown in FIG. 13. 
[Composition Example 6 of the First Embodiment] 

[00125] Next, the composition example 6 of the first embodiment of the present 
invention will be explained referring to FIG. 14. The parts shared to those of the 
preceding example are given shared numerals and the symbols and the explanation 
thereof are omitted. 

[00126] This example is a variation of the composition example 5. To be specific, the 
multi-wavelength optical source equipment 70 incorporates the wavelength 
demultiplexer 31 for separating the principal optical signal and the optical signal for 
control differing in wavelength from the principal optical signal and the cyclic- 
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wavelength arrayed- waveguide grating 60 as an optical component having the 
wavelength routing function. 

[00127] The cyclic-wavelength arrayed-waveguide grating 60 is employed as an 
optical component having the wavelength routing function, but any other component 
having the equivalent function may also be employed as a substitute. 

Composition Example 7 of the First Embodiment 

[00128] Next, the composition example 7 of the first embodiment of the present 
invention will be explained referring to FIG. 15. The parts shared to those of the 
previous examples are given shared numerals and symbols and the explanations thereof 
are omitted. 

[00129] In the case of this example with the multi-wavelength optical source 
equipment 70, optical transmitters 17 for transmitting the information coming from the 
control system 7 to each of the communication nodes 30 are provided on the side of the 
first optical path 22. The rest of the composition is similar to the aforementioned 
composition example 5. 

[00130] Each information of the control system 7 is transmitted, either selectively or 

w 

Op.Swi by broadcasting, through the optical transmitter 1 7, to the corresponding 

g8^ = D communication nodes 30 connected to the multi-wavelength optical source equipment 

j > o 5 h 

£ t " BJ O £ 

n o 5 -J w u 

5 | o % fe S 70. In this way, the smooth communication among a plurality of communication nodes 

2 1 o 2 5 

q< < 30 constituting this optical network can be facilitated. 
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Composition Example 8 of the First Embodiment 

[00131] Next, the composition example 8 of the first embodiment of the present 
invention will be explained referring to FIG. 16. The parts shared to those of the 
previous examples are given shared numerals and symbols and the explanations thereof 
are omitted. 

[00132] This example is a variation of the preceding composition example 7. More 
particularly, the multi-wavelength optical source equipment 70 incorporates above- 
mentioned optical transmitters 17 and the cyclic-wavelength arrayed-waveguide grating 
60 as an optical unit having wavelength routing function. 

[00133] In this example, the cyclic-wavelength arrayed-waveguide grating 60 is 
employed as an optical unit having the wavelength routing function, but any other 
optical unit having equivalent function may be employed as a substitute. 
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Composition Example 9 of the First Embodiment 

[00134] The composition example 9 of the first embodiment of the present invention 
will be explained referring to FIG. 17. The parts shared to those of previous examples 
are given shared numerals and symbols and the explanations thereof are omitted. 
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qpJss [00135] This example is a variation of the previous examples 1-8. More specifically, 
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~ 8 £ 1 js D . each of the wavelength converters 10a- lOd is provided with two input ports. One of the 
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O < 35 shared optical sources 8a-8d, while the other receives the optical signal passing the 
optical gate 6. 

[00136] Each of the output ports of the wavelength converters 10a- lOd outputs the 
optical signal whose wavelength is converted into the wavelength of the shared optical 
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source. More particularly, where the wavelengths of the shared optical sources 8a-8d 
are given as Xa, lb, 1c and Id, the optical signal whose wavelength is converted into la 
is outputted from the wavelength converter 10a connected to the shared optical source 
8a; the optical signal whose wavelength is converted into lb is outputted from the 
wavelength converter 10b connected to the shared optical source 8b; the optical signal 
whose wavelength is converted into 1c is outputted from the wavelength converter 10c 
connected to the shared optical source 8c; the optical signal whose wavelength is 
converted into Id is outputted from the shared optical source 8d. 

[00137] The wavelength converters 10a- lOd may be replaced with the wavelength 
converters utilizing the cross-phase modulation of the semiconductor optical amplifier, 
though not limited to these substitutes as long as other substitutes have equivalent 
functions. 



Composition Example 10 of the First Embodiment 

[00138] FIG. 18 is a schematic diagram illustrating the composition of the multi- 
wavelength optical source equipment according to the composition example 10 of the 
first embodiment of the present invention. 
§ 1 > 2 « i [00139] In FIG. 1 8, Numerals 30a-30d denote communication nodes. (In FIG. 1 8, the 
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communication node 30c is not shown, but the composition is similar to those of other 

S 8 fill* communication nodes.) Numeral 70 denotes the multi-wavelength optical source 
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3 equipment; Numerals la- Id, the input ports of the multi-wavelength optical source 
equipment 70; Numerals 2a-2d, the output ports of the multi-wavelength optical source 
equipment 70. 
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[00140] With respect to each of the communication nodes 30a-30d, Numerals 42a- 
42d denote the optical signal transmitters including the optical source and employed for 
transmitting the optical signal; Numerals 43a-43d, the optical label signal transmitters 
including the optical source and employed for transmitting the optical label signal; 
Numerals 46a-46e, optical receivers; Numerals 47a-47d, the optical receivers employed 
for receiving the optical clock signal. Numerals 25a-25d are the clock generator for the 
optical signal transmitter, which supplies the clock frequency to be used for the 
generation of the optical signal to the optical signal transmitter including the optical 
source for transmitting the optical signal; Numerals 26a-26d are the optical signal 
regenerators for regenerating the optical signals received by the optical receivers 46a- 
46d; Numerals 29a-29d are clock frequency regenerators for regenerating the clock 
frequency from the electric signal converted from the optical clock signal by means of 
the optical clock signal receivers 47a-47d. Numerals 28a-28d are the electric lines for 
supplying the clock frequency regenerated by the clock frequency regenerators 29a-29d 
to the clock generators 25a-25d for the optical signal transmitter and the optical signal 
regenerators 26a-26d. 

[00141] Numerals 45a-45d are the wavelength demultiplexers; Numeral 18, an optical 
combiner; Numeral 52, an optical combiner & splitting device. Numerals 14a-14d are 
the optical lines for connecting the optical combiner & splitting devices 52 of each 
communication node and the input port of the multi-wavelength optical source 
equipment 70; Numerals 15a-15d, the optical lines for connecting the output port of the 
multi-wavelength optical source equipment 70 and the wavelength demultiplexers 45a- 
45d of the communication nodes 30a-30d; Numerals 48a-48d, optical signals; Numerals 
49a-49d, optical label signals. 
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[00142) In the multi-wavelength optical source equipment 70, Numerals 24a-24d are 
the optical transmitters for distributing the reference clock frequency, which is used 
when each of the communication nodes 30a-30d receives and transmits the optical 
signal; Numeral 4, the optical delay device; Numerals 6a-6d, the optical gates; Numeral 
9, the optical splitter; Numerals 8-8d, the shared optical sources; numerals 10a- lOd, the 
wavelength converters; Numeral 11, the wavelength multiplexer; Numerals 12a-12d, 
the wavelength multiplexers; Numeral 27, an optical gate controller & reference clock 
generating system; Numerals 53a-53d, the optical combiner & splitting devices; 
Numeral 1 9, the wavelength demultiplexer and multiplexer. 

[00143] Numeral 60 denotes the cyclic-wavelength arrayed-waveguide grating; 
Numerals 61a-61d, the input ports of the cyclic-wavelength arrayed-waveguide grating 
60; Numerals 62a-62d, the output ports of the cyclic-wavelength arrayed-waveguide 
grating 60. 

[00144] In the case of the composition shown in FIG. 18, four communication nodes 
are provided, but the present invention is not limited to the number of communication 
nodes according to the present example. 

[00145] In this composition, an optical fiber type optical combiner, for example, may 

w 

q p -3 3 1 be employed as the optical combiner 18; an optical fiber type demultiplexer & 
zS^Ie 3 - multiplexer, for example, as the wavelength demultiplexer & multiplexer 19; optical 
§ % o % & | parts including the semiconductor optical amplifiers, for example, as the optical gates 
O < 55 6a-6d; a silica glass waveguide type optical splitter, for example, as the optical splitter 
9; optical fibers, for example, as the optical lines 14a-14d and optical lines 15a-15d; 
silica glass optical waveguide type wavelength demultiplexers, for example, as the 
wavelength demultiplexers 45a-45d; optical fiber type optical combiner & splitting 
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devices, for example, as the optical combiner & splitting devices 52 and 53a-53d; 
distributed feedback type semiconductor lasers, for example, as the shared optical 
sources 8a-8d; semiconductor optical amplifier type optical wavelength converters 
utilizing cross gain modulation, for example, as the wavelength converters lOa-lOd; 
silica glass optical waveguide type wavelength multiplexers, for example, as the 
wavelength multiplexers 12a-12d; optical fiber type optical delay devices, for example, 
as the optical delay devices 4, but not limited thereto. 

[00146] The wavelengths of the shared optical sources 8a, 8b, 8c and 8d are Xa, Xb, Xc 
and Xd respectively. The wavelength converters 10a, 10b, 10c and lOd respectively 
receive the lights having wavelengths Xa, Xb, Xc and Xd respectively, and respectively 
convert the wavelengths of the optical signals transmitted passing the optical gates 6a- 
6d respectively connected to the input ports of the optical wavelength converters 1 0a- 
lOd to the wavelengths of the shared optical sources. More particularly, the wavelength 
of the optical signal that has passed the optical gate 6a is converted into the wavelength 
Xa by the wavelength converter 10a and outputted from the output port of the 
wavelength converter 10a. The wavelength of the optical signal that has passed the 
optical gate 6b is converted into the wavelength Xb by the wavelength converter 10b 
and outputted from the output port of the wavelength converter 10b. The wavelength of 
the optical signal that has passed the optical gate 6c is converted into the wavelength Xc 
by the wavelength converter 10c and outputted from the output port of the wavelength 
converter 10c. The wavelength of the optical signal that has passed the optical gate 6d 
is converted into wavelength Xd by the wavelength converter lOd and outputted form 
the output port of the wavelength converter lOd. 
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[00147] FIG. 21 shows the relationship of the input and output wavelengths by each 
port of the cyclic-wavelength arrayed-waveguide grating 60. The wavelength routing 
characteristic of the cyclic-wavelength arrayed-waveguide grating 60 will be explained 
referring to FIG. 21. When the lights respectively having wavelengths Xa, Xb, Xc and Xd 
are fed to the input port 61a, among the wavelengths Xa. - Xd, Aa is outputted from the 
output port 62a, Xb from the output port 62b, X,c from the output port 62c and Xd from 
the output port 62d as shown in FIG. 21. Similarly, when the lights respectively having 
the wavelengths Xa, Xb, Xc and Xd are fed to each of the input ports 61b-61d, according 
to the rule shown in FIG. 21, the lights respectively having the wavelengths Aa, Xb, Xc 
and Xd are outputted respectively from the output ports 62a-62d. 

[00148] The wavelength demultiplexers 45a-45d of the communication nodes 30a- 
30d respectively have a function of demultiplexing the lights having the wavelengths 
Aa, Xb, Xc and Xd incoming to input port 200 to different output ports 201a-201d 
respectively as shown in FIG. 22. 

[00149] First, the process through which the communication is carried out among 
individual communication nodes in the case of the network composition shown in FIG. 
18 will be explained. In the following, the process through which the optical signal 48a 
transmitted from the communication node 30a connected to the input port la is 
transmitted to the destination communication node 30d by means of the multi- 
wavelength optical source equipment 70 shown in FIG. 18 by giving an example. 
[00150] The optical signal 48a and the optical label signal 49a sent out from the 
communication node 30a to the communication node 30d passes the optical combiner 
18 and optical combiner & splitting device 52 to be fed to the input port la of the multi- 
wavelength optical source equipment 70. 
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[00151] The optical signal 48a and the optical label signal 49a respectively fed to the 
input port la of the multi-wavelength optical source equipment 70 is separated for the 
first optical path connected to the optical combiner & splitting device 53 and the second 
optical path connected to the optical delay device 4. 

[001521 The optical label signal 49a branched to the first optical path is guided to the 
optical receiver 46e through the optical combiner & splitting device 53a. The optical 
receiver 46e is connected to the optical gate controller & reference clock frequency 
supply system 27. On the other hand, the optical signal 48a branched to the second 
optical path is guided to a plurality of optical gates 6a-6d respectively through the 
optical delay device 4 and the optical splitter 9. 

[00153] The optical signal 48a fed to the optical gates 6a-6d is outputted from the 
optical gate 6i (i denotes any of a, b, c and d) selected according to the information of 
the optical label signal 49a previously received by the optical receiver 46e by the optical 
gate controller & reference clock frequency supply system 27. In this case, the optical 
gates 6a-6d are controlled by the optical gate controller & reference clock frequency 
supply system 27. The optical gate 6i is connected to the wavelength converter lOj (j 
denotes any of a, b, c and d) which converts the wavelength of the optical signal 48a 
into the wavelength adapted for routing to the communication node 30d by using the 
cyclic-wavelength arrayed- waveguide grating 60 having the wavelength routing 
function. 

[00154] In the case of the communication from the communication node 30a to the 
communication node 30d, the output ports of the optical gates 6a-6d are respectively 
connected to the input port 61a of the cyclic-wavelength arrayed-waveguide grating 60 
through the wavelength multiplexer 1 1, wavelength converters 10a- lOd and wavelength 
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multiplexer 12, so that the optical signal having wavelength Xd is routed to the 
communication node 30d by the cyclic-wavelength arrayed-waveguide grating 60 as 
shown in FIG. 21. Therefore, the optical gate 6d, connected to the wavelength 
converter lOd for converting the wavelength of the optical signal 48a into the 
wavelength hi, is activated for passing the optical signal 48a according to the control 
signal from the optical gate controller and reference clock frequency supply system 27. 
[00155] The optical signal 48a outputted from the optical gate 6d is fed to the 
wavelength converter 1 Od connected with the output port of the optical gate to have its 
wavelength converted into hi and introduced to the input port 61a of the cyclic- 
wavelength arrayed-waveguide grating 60 through the wavelength multiplexer 12a. 
The optical signal 48a introduced to the input port 61a , having wavelength Xd, is 
outputted from the output port 62d of the cyclic-wavelength arrayed-waveguide grating 
60 connected to the communication node 30d by the wavelength routing function of the 
cyclic-wavelength arrayed-waveguide grating 60 shown in FIG. 21. 
[00156] The optical signal 48a outputted from the output port 62d of the cyclic- 
wavelength arrayed-waveguide grating 60 passes the output port 2d of the multi- 
wavelength optical source equipment 70 and the optical line 15d to arrive at the input 

w 

q g 5 w I port of the wavelength demultiplexer 45d on the side of the communication node 30d. 
£ 2 < 5 = 3 - Since the wavelength demultiplexers 45a-45d employed in this example have the output 

d > o b t 
2 I £ a o n 

§ 1 2 < % % characteristic shown in FIG. 22, the optical signal 48a is outputted from the output port 

§ I -< 1 1 h 

O < £ 201d of the wavelength demultiplexer 45d to be received by the optical receiver 46d. 

[00157] Similarly, the optical signal 48i (i denotes any of a, b, c and d) transmitted 
from any given communication node 30i (i denotes any of a, b, c and d) to any given 
communication node 30j (j denotes any of a, b, c and d) is routed by the multi- 
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wavelength optical source equipment 70 to the communication node 30j (j denotes any 
of a, b, c and d). 

[00158] Especially, the multi-wavelength optical source equipment 70 in the case of 
this example is provided with the optical transmitters 24a-24d for employed distributing 
the reference clock frequency, and these optical transmitters transmit the optical signal 
containing the reference frequency for the clock frequency to be used by each of the 
communication nodes 30a-30d in transmitting the optical signals 48a-48d and receiving 
the optical signal. 

[00159] The frequency fen that is 1/N (N = positive integer) of the frequency fc from 
the optical gate controller & reference clock frequency supply system 27 is sent, as an 
electric signal, to the optical transmitters 24a-24d for the distribution of the reference 
clock frequency, and the transmitters 24a-24d for the distribution of the reference clock 
frequency transmit the optical clock signal having frequency component fen. The 
optical clock signal having the frequency component fen is that when the optical clock 
signal is converted to an electrical signal by the optical receiver, the electrical signal 
includes the fen frequency component. All the optical transmitters 24a-24d, for the 
distribution of the reference clock frequency, transmit identical optical clock signals. 
[00160] The optical clock signals, transmitted from the optical transmitters 24a-24d 
for the distribution of the reference clock frequency, pass the optical combiner & 
splitting devices 53a-53d, the wavelength demultiplexer & multiplexer 19 and the 
optical line 14 and branched by the optical combiner & splitting device 52 to be 
received by the optical receivers 47a-47d for receiving the optical clock signal of each 
of the communication nodes 30a-30d. 
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[00161] In each of the communication nodes 30a-30d 5 the optical clock signal 
received by the optical receivers 47a-47d for receiving the optical clock signal is 
converted into an electric signal, and the electric signal is used to regenerate the clock 
frequency fen from the electric signal by means of the clock frequency regenerators 
29a- 29d; the clock frequency fen is supplied to each of the clock suppliers for 
employed transmitting the optical signal 25a-25d and each of the optical signal 
regenerators 26a-26d through the electric line 28. 

[00162] Each of the clock suppliers 25a-25d supplies the clock frequency fen, which 
is used when each of the optical signal transmitters 42a-42d, respectively including the 
optical source for the transmission of the optical signal, transmits each of the optical 
signals 48a-48d, while each of the optical signal regenerators 26a-26d regenerates the 
optical signal received by each of the optical receivers 46a-46d by using the clock 
frequency fen. In other words, in each of the communication nodes 30a-30d, each of 
the optical signal transmitters 42a-42d, each including an optical source for transmitting 
the optical signal, transmits optical signals 48a-48d by using the clock frequency fen, 
serving as the reference clock supplied from the multi-wavelength optical source 
equipment 70, while, in each of the optical signal regenerators 26a-26d for regenerating 
O § £ 1 3 5 the optical signal received by each of the optical receivers 46a-46d, the clock frequency 
? 8 < f e 3 . fen is used as the clock frequency when regenerating the optical signal. 
5 1 2 < k 3 [00163] As described above, where the environment is provided so that all the optical 
0< £ transmitters of each communication node transmit the optical signals 48a-48d on the 
basis of a shared clock frequency. The regeneration of the optical signals 48a-48d to be 
transmitted and received among individual communication nodes can be made easier. 
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Composition Example 1 1 of the First Embodiment 

[00164] Next, the composition example 11 of the first embodiment of the present 
invention will be explained referring to FIG. 19. The parts shared to those in the cases 
of the previous composition examples are given shared numerals and symbols and the 
explanations thereof are omitted. 

[00165] This composition example is a variation of previously described composition 
example 10. More particularly, in the case of the composition example 10 shown in 
FIG. 18, each of the communication nodes 30a-30d is provided with a plurality of 
optical transmitters 24a-24d for the distribution of the reference clock frequency. In 
contrast, in the case of the present example, the a plurality of the optical transmitters 
above-mentioned for the distribution of the reference clock frequency are replaced with 
a single optical transmitter 24 for the distribution of the reference clock frequency as 
shown in FIG. 19. 

[00166] The optical clock signal having the frequency serving as the reference clock 
frequency for the clock frequency which is used by each of the communication nodes 
30a-30d when transmitting the optical signals 48a-48d and receiving the optical signals, 
can be provided by a single optical transmitter 24 for the distribution of the reference 
clock frequency and distributed by the optical splitter 9 to be transmitted to each of the 
communication nodes 30a-30d through the optical combiner & splitting devices 53a- 
53d. 

Composition Example 12 of the First Embodiment 

[00167] Next, the composition example 12 of the first embodiment of the present 
invention will be explained referring to FIG. 20. The parts shared to those of the 
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composition example 1 1 are given shared numerals and symbols and the explanations 
thereof are omitted. 

[00168] This example is a variation of previous composition example 11. That is, in 
the case of this example, the optical clock signal having a frequency serving as 
reference clock frequency for the clock frequency, which is used when each of the 
communication nodes 30a-30d transmits the optical signals 48a-48d and receiving the 
optical signals, can be transmitted from a single optical transmitter 24 for the 
distribution of the reference clock frequency, of the multi-wavelength optical source 
equipment 70. The optical clock signal transmitted from the optical transmitter 24 for 
the distribution of the reference clock frequency is distributed by the optical splitter 9 
and passes the optical combiners 55a-55d for combining the optical signal and the 
optical clock signal, the output ports 2a-2d, the optical lines 15a-15d and the 
wavelength demultiplexers 54a-54d to be received by the optical receivers 47a-47d 
employed for receiving the optical clock signal in each of the communication nodes 
30a-30d. 

Composition Example 1 of the Second Embodiment 

[00169] FIG. 23 is a schematic diagram showing the basic composition of the second 
embodiment of the present invention. 

[00170] In each of the communication nodes lOOa-lOOd, Numerals 71a-71d denote 
the optical signal transmitters including the optical sources for the transmission of the 
optical signals; Numerals 72a-72d, the optical label signal transmitters including the 
optical sources for the transmission of the optical label signals; 78a-78d, the optical 
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receivers; Numerals 1 10a- 1 lOd, the controllers (transmission time lag adjusters) relating 
to the present invention. 

[00171] In the router 80, Numeral 74 denote a wavelength demultiplexer; Numerals 
75a-75d, optical gates; Numeral 79, an optical splitter. The optical path lengths 
between respective output ports of the optical splitter 79 and respective optical gates 
75a-75d are designed to be equal to one another. 

[00172] Further, Numeral 73 denotes an optical combiner; Numerals 76a-76d, optical 
signals; Numerals 77a-77d, optical label signals. Numerals 81a-81d are the optical 
transmission lines connecting the optical combiner of each communication node and the 
router 80; Numerals 82a-82d, the optical transmission lines connecting the router 80 
and the optical receivers 78a-78d of the communication nodes lOOa-lOOd. 
[00173] The second embodiment of the present invention has, as shown in FIG. 23, a 
basic composition and function similar to those of the conventional composition 
described in FIG. 4, except that a new configuration for self-supportingly and 
independently adjusting the transmission time lag T between the optical signal and the 
optical label signal carrying the address information of the optical signal by each of the 
communication nodes added to the basic composition. 

uq 

O £ * 1 3 5 [00174] In the following, the term "loop-back optical signal" is used, which is defined 
z s ^<5 D - as an optical signal whose destination address is the communication node that 
5 2 o 5g fe 3 transmitted the optical signal. 

O < 3 [00175] According to the new configuration, each of the communication nodes 100a- 
lOOd is provided with one of the controllers HOa-llOd for executing the computing 
control, which will be described later, by controlling for transmitting a loop-back 
optical signal and one of the optical receivers 78a-78d for receiving the loop-back 
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optical signal returned through the router 80 are added respectively to the basic 
composition. In other words, a is obvious from the comparison of FIG. 23 and FIG. 4, 
in the case of the present example, as an optical receiver for receiving the loop-back 
optical signal, the optical receiver 78a is added for the communication node #1 as the 
optical receiver for receiving the loop-back optical signal; the optical receiver 78b is 
added for the communication node #2; the optical receiver 78c is added for the 
communication node #3; the optical receiver 78d is added for the communication node 
#4. Further, as described later, each of the controllers HOa-llOd has a function to 
transmit a loop-back optical signal through one of the optical signal transmitters 71a- 
7 Id and an optical label signal carrying the address information of the loop-back optical 
signal through one of the optical signal transmitters 72a-72d and receives the loop-back 
optical signal through the router 80, for analysis and adjust the transmission time lag 
between the optical signal and the optical label signal according to the result of the 
analysis. 

[00176] Further, the router 80 comprises additional optical gates 75a-75d, which 
respectively become open state when the optical label signals 77a-77d for the loop-back 
optical signals from the communication nodes lOOa-lOOd are received. That is, the 
optical gate 75a is added for the communication node #1; optical gate 75b, for the 
communication node #2; optical gate 75c, for the communication node #3; optical gate 
75d, for the communication node #4. Further, the router 80 is connected with each of 
the optical transmission lines for returning the loop-back optical signal, which has 
passed each of the optical gates 75a-75d, to each of the communication nodes 100a- 
lOOd which has transmitted the loop-back optical signal addressed to itself. That is, the 
router 80 is connected to the optical transmission line 82a corresponding to the 

50 Docket No. 14321.27.1 



communication node #1, the optical transmission line 82b corresponding to the 
communication node #2, the optical transmission line 82c corresponding to the 
communication node #3 and the optical transmission line 82d corresponding to the 
communication node #4 respectively so that the loop-back optical signal transmitted 
from each of the communication nodes lOOa-lOOd can be returned to where it has been 
transmitted. 

[00177] In the composition example shown in FIG. 23, there are provided four 
communication nodes, but the present invention is not limited to this composition 
example. Further, in the case shown in FIG. 23, the output ports of the optical gates 
75a-75d are directly connected to the optical receivers 78a-78d by the optical 
transmission lines 82a-82d, but other optical parts (not shown) may be connected to 
each of the optical transmission lines between the optical gates 75a-75d and the optical 
receivers 78a-78d. However, such optical parts are not supposed to have a switching 
function for passing/interception of the optical signal similar to the function of the 
optical gates 75a-75d. 

[001 78] A silica glass waveguide type optical combiner, for example, may be used as 
the optical combiner 73; a silica glass waveguide type optical demultiplexer, for 
example, as the wavelength demultiplexer 74; an optical part including semiconductor 
optical amplifier, for example, as the optical gates 75a-75d; a silica glass waveguide 
type optical splitter, for example, as the optical splitter 9; optical fibers, for example, as 
the optical transmission lines 81a-81d and 82a-82d. However, any other parts having 
equivalent functions may be used as substitutes in the case of the present invention. 
[00179] Next, the operation of the optical communication system as the present 
embodiment of the invention will be explained. 

51 Docket No. 14321.27.1 



[00180] In the case of the present optical communication system, the communication 
is made by using the optical signals 76a-76d and the optical label signals 77a-77d. In 
the following, an explanation will be made as to the process in which a communication 
is made by the optical signal 76ac and accompanying optical label signal 77a 
transmitted from the communication node #1 of 100a to the addressed communication 
node #3 (100c). 

[00181] When transmitting the optical signal 76ac addressed to the communication 
node #3 from the communication node #1, the optical signal label signal 77a carrying 
the address information of the optical signal 76ac is transmitted from the optical label 
signal transmitter 72a so that the optical signal 76ac and the optical label signal 77a, 
keeping a certain time lag 90 there-between, are transmitted by the optical transmission 
line 81 as the timing chart shown in FIG. 5. 

[00182] The optical signal 76ac and the optical label signal 77 arrived at the router 80 
is separated by the wavelength demultiplexer 74, and the optical signal 76ac is guided 
to the first optical path, which is connected to the optical splitter 79, while the optical 
label signal 77a is guided to the second optical path, which is connected to the optical 
receiver 78e. 

[00183] The optical signal 76ac separated into the first optical path passes the optical 
splitter 79 to be guided to each of a plurality of optical gates 75a-75d. On the other 
hand, the optical label signal 77a separated into the second optical path is received by 
the optical receiver 78e for the analysis of the address information of the optical signal 
76ac. One optical gate corresponding to the addressed communication node out of the 
optical gates 75a-75d is driven according to the address information of the optical signal 
76ac carried by the optical label signal so that the optical signal 76ac is permitted to 
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only pass this optical gate. In other words, in the case of the optical signal 76ac 
addressed to the communication node #3 from the communication node #1, only the 
optical gate 75c corresponding to the communication node #3 is driven to let the optical 
signal 76ac pass. 

[00184] The optical signal 76ac that has passed the optical gate 75c is guided to the 
optical receiver 78c of the communication node #3 through the output port of the router 
80 and the optical transmission line 82c so that the optical signal 76ac transmitted from 
the communication node #1 arrives at the addressed communication node #3. 
[00185] Similarly, the optical signal addressed from a communication node #m (#m is 
any one of #1 through #4) to other communication node #n (#n is any one of #1 through 
#4 not including #m) arrives at the addressed communication node #n. 
[00186] Concerning the communication between the above communication node #1 
and the communication node #3, in order for the optical signal 76ac addressed from the 
communication node #1 to the communication node #3 to arrive at the addressed 
communication node #3 without losing its portion or whole, it is necessary to let the 
optical signal 76ac pass the optical gate 75c with proper timing. In order to do so, it is 
necessary to correctly set the transmission time lag between the optical signal 76ac and 
the optical label signal 77a to be transmitted from the communication node #1. 
[00187] Therefore, according to the present invention, each communication node 
transmits an optical signal addressed to itself so that the optical signal returned, through 
router 80, to the communication node from which the optical signal has been 
transmitted is diagnosed whether it has been received without an error or not, and, based 
on the result of the diagnosis, the time lag T between the optical signal and the 
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corresponding optical label signal is set by each of the controllers (transmission time lag 
adjusters) UOa-llOd. 

[00188] The operations of the controllers UOa-llOd according to the present 
invention will be explained referring to the flow chart shown in FIG. 24. 
[00189] Each of the controllers 1 10a-l lOd of the communication nodes first sets the 
relative transmission time lag T between the loop-back optical signal to be transmitted 
to itself for testing and the optical label signal carrying the address information of the 
loop-back optical signal is set as T (Step 1). The time lag T', as an initial value, may be 
either a predetermined value or a value that can be estimated empirically based on the 
transmission line length. 

[00190] After setting the relative transmission time lag T as T\ each of the 
communication node controllers UOa-llOd sends out an optical label signal for setting 
the optical gate in the closed state, connected to the optical receiver 78i (i is any one of 
a, b, c and d) of the communication node that sent the optical label signal, and then 
transmits the loop-back optical signal and the corresponding optical label signal to the 
router 80, maintaining the relative transmission time lag T (T ! )(Step 2). 
[00191] Each of the controllers 1 10a- 1 lOd of the communication nodes receives the 
loop-back optical signal, which has been transmitted from each of the communication 
nodes, through the router 80 and the optical receiver 78i (i is any one of a, b, c and d) 
dedicated for the communication node for receiving the loop-back optical signal 
(Step 3). 

[00192] Subsequently, each of the controllers 1 10a-l lOd of the communication nodes 
diagnoses whether the received loop-back optical signal has been received without an 
error (Step 4). 
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[00193] When the result of the diagnosis in step 4 indicates that the loop-back optical 
signal has not been received without an error, each of the controllers 1 10a-l lOd of the 
communication nodes re-set the relative transmission time lag T (T f ) to T + AT ( AT is a 
predetermined infinitesimal time), and the processing goes back to step 2 (Step 5) to 
repeat the processing in steps S2, S3 and S4. 

[00194] When the result of the diagnosis in step 4 indicates that the loop-back optical 
signal has been received without an error, each of the controllers HOa-llOd of the 
communication nodes completes the setting of the relative transmission time lag T 
(Step 6). 

[00195] As described previously, the optical path lengths between the output ports of 
each optical splitter 79 and the optical gates 75a-75d, respectively connected to the 
output ports of each optical splitter 79 are set equal to one another, so that the 
transmission time lag T set based on the loop-back optical signal transmitted to the 
communication node that transmitted it can be applied directly to that of the optical 
signal addressed to other communication nodes. 

[00196] As described above, according to the present invention, the communication 
route for guiding the loop-back optical signal, transmitted from each of the 
communication nodes lOOa-lOOd (communication nodes #l-#4), to itself through the 
router 80 is added newly so that the transmission time lag T between the optical signal 
and the corresponding optical label signal independently while confirming the degree of 
the error of the loop-back optical signal for testing, thereby making easier the operation 
for setting the relative transmission time lag T at each communication node and largely 
reducing the work load therefor. 
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Composition Example 2 of the Second Embodiment 

[00197] In the case of the processing procedure of the composition example 1 
according to the second embodiment of the present invention as is described referring to 
FIG. 24, in order to raise the data communication efficiency among the communication 
nodes 100 (the representative number of lOOa-lOOd), in order for the time lag AT 
between the time at which the optical gate 75 (representative number of 75a-75d) is 
driven into the state for permitting the passage of the optical signal and the time at 
which the optical signal has arrived at the optical gate 75 to be reduced as far as 
possible, it is necessary to predetermine the value of the time lag T of the initial value 
so as to set the time lag T of the initial value to be set in the step SI to a relatively small 
value and predetermine the time lag T' of the initial value for undergoing the processing 
of the step 5 at least once. 

[00198] Thus, in order to eliminate such cumbersome consideration in reference to 
the initial value T 5 , even if the initial value of the time lag T' is set without restraint, the 
composition example 2 of the second embodiment of the present invention, illustrated 
by the flow chart shown in FIG. 25, is designed so that the relative transmission time 
lag T can be set for minimizing as far as possible the time lag AT occurring before the 
optical signal 76 arrives at the optical gate 75. 

[00199] In FIG. 25, steps Sll, S13, S14, S15, S24 and S23 are for the processes 
similar to the steps SI, S2, S3, S4, S5 and S6 shown in FIG. 24. Further, the I's in steps 
SI 2, SI 6, SI 8, SI 9, S20 and S25 denote control flags respectively. 
[00200] Since the time lag T' of the initial value is relatively large, when the 
determination in step SI 5, for diagnosing whether the loop-back optical signal for 
testing has been received without an error or not, is affirmative from the beginning, the 
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control proceeds from step S16 to step SI 7, and each of the controllers 1 10a-l lOd of the 
communication nodes re-sets the relative transmission time lag T to T - AT to change 
the flag I into 1 and returns to the above step SI 3. 

[00201] After this, when the determination in step SI 5 is affirmative, the processing 
proceeds to step S16 and step SI 9, and the processing in step SI 7 is repeated. 
[00202 J After this, when the determination in step S15 has become negative, the 
processing proceeds from step S20 to step S22, and the relative transmission time lag T 
is re-adjusted to (T + AT) by adding AT, the amount subtracted excessively, to the 
relative transmission time lag T to complete the setting of the relative transmission time 
lag T (Step S23). 

[00203] On the other hand, since the time lag V of the initial value is relatively small, 
when the determination in step SI 5, for determining whether the optical signal for 
testing has been received without an error or not, is negative in the beginning, the steps 
similar to those of the first embodiment shown in FIG. 24 will be followed. That is, in 
this case, the adding operation (T + AT) in step S24, by way of the route for returning to 
step SI 3 through steps SI 5, S20, S24 and S25, is repeated until the determination in 
step S15 become affirmative, and, when the determination in step S15 has become 
affirmative, the setting of the relative transmission time lag T by way of steps S16 and 
S19 is completed (Step S23). 

Composition Example 3 of the Second Embodiment 

[00204] FIG. 26 shows the composition example 3 of the second embodiment of the 
present invention. In the case of the composition example 1 of the second embodiment, 
the output ports of the optical gates 75a-75d are respectively connected directly to the 
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optical receivers 78a-78d of the communication nodes lOOa-lOOd through the optical 
transmission lines 82a-82d. In contrast, in the case of the present example, within the 
router 80, which is similar to the one in the case of the composition example 1 of the 
second embodiment, the shared multi-wavelength optical source equipment as an 
optical part not having the switching function for passing/intercepting the optical signal, 
which is similar to the one in the case of the first embodiment shown in FIG. 7, is 
connected between each of the optical gates 75a-75d and each of the optical receivers 
78a-78d. 

[00205] The composition example 3 of the second embodiment of the present 
invention will be explained referring to FIG. 26. 

[00206] In each of the communication nodes lOOa-lOOd, Numerals 71a-71d 
respectively denote the optical signal transmitters respectively including the optical 
source employed for transmitting the optical signal; Numerals 72a-72d, the optical label 
signal transmitters respectively including the optical source employed for transmitting 
the optical label signal; Numerals 78a-78d, optical receivers; Numerals HOa-llOd, 
controllers (transmission time lag adjusters) relating to the present invention. 
[00207] Further, Numeral 73 denotes the optical combiner; Numerals 76a-76d, optical 
signals; Numerals 77a-77d, optical label signals; Numerals 84a-84d, wavelength 
demultiplexers; Numerals 81a-81d, optical transmission lines respectively connecting 
the optical combiner 73 of each communication node and the input port of the router 80; 
Numerals 83a-83d, the optical transmission lines respectively connecting each of the 
output ports of the router 80 and each of the wavelength demultiplexers 84a-84d of each 
of the communication nodes lOOa-lOOd. 
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[00208] In the router 80, Numerals 74 denotes a wavelength demultiplexer; Numeral 
104, an optical delay device; Numerals 75a-75d, optical gates; Numerals lOla-lOld, 
input ports; Numerals 102a-102d, output ports; Numeral 79, an optical splitter; 
Numerals 88a-88d, the shared optical sources; Numerals 93a-93d, wavelength 
converters; Numerals 94a-94d, wavelength multiplexers; Numeral 107, an optical gate 
control system. The optical path lengths between the individual output ports of each 
optical splitters 79 and the individual optical gates 75a-75d are made equal to one 
another. 

[00209] Numeral 120 denotes a cyclic-wavelength arrayed-waveguide grating; 
Numerals 130a-130d, the input ports of the cyclic-wavelength arrayed-waveguide 
grating 120; Numerals 131a-131d, the output ports of the cyclic-wavelength arrayed- 
waveguide grating 120. 

[00210] In the case of the composition shown in FIG. 26, there are provided four 
communication nodes, but the number of the communication nodes is not limited to this 
number in the example case of the present invention. 

[00211] An optical fiber type optical combiner, for example, may be employed as the 
optical combiner 73; an optical fiber type wavelength demultiplexer, for example, as the 
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O p > 2 3 s wavelength demultiplexer 74; optical parts including the semiconductor optical 
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O < ^ as the optical transmission lines 81a-81d and 83a-83d; silica glass waveguide type 
wavelength demultiplexers, for example, as the wavelength demultiplexers 84a-84d; 
distributed feedback semiconductor lasers, for example, as the shared optical sources 
88a-88d; semiconductor optical amplifier type optical wavelength converters utilizing 
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cross gain modulation, for example, as the wavelength converters 93a-93d; silica glass 
optical waveguide type wavelength demultiplexers, for example, as the wavelength 
multiplexers 94a-94d; optical fiber type optical delay device, for example, as the optical 
delay device 104, but the present invention is not limited to these applications. 
[00212] The wavelengths of the shared optical sources 88a, 88b, 88c and 88d are Aa, 
Ab, Ac, and Ad respectively. Each of the wavelength converters 93a, 93b, 93c and 93d 
are provided with the lights respectively having the corresponding wavelengths Aa, A,b, 
Ac, and Ad from the shared optical sources to convert the wavelength of the optical 
signal incoming through the optical gates 75a-75d connected on the side of the input 
port of the wavelength converter into the wavelength of the shared optical source. More 
particularly, the wavelength of the optical signal which has passed the optical gate 75 a 
is converted into the wavelength Aa by the optical wavelength converter 93a and 
outputted to the output port of the wavelength converter 93 a. The wavelength of the 
optical signal which has passed the optical gate 75b is converted into the wavelength Ab 
by the wavelength converter 93b and is outputted from the output port of the 
wavelength converter 93b. The wavelength of the optical signal which has passed the 
optical gate 95c is converted into wavelength Ac and outputted from the output port of 
the wavelength converter 93c. The wavelength of the optical signal which has passed 
the optical gate 75d is converted into wavelength Ad by the optical wavelength 
converter 93d and outputted from the output port of the wavelength converter 93d. 
[00213] The wavelength routing characteristic of the cyclic-wavelength arrayed- 
waveguide grating 120 will be explained referring to FIG. 27. When the lights 
respectively having wavelengths Aa, Ab, Ac and Ad are respectively fed to the input port 
130a, as shown in FIG. 27, la. is outputted from the output port 131a; Ab from the 
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output port 131b; A.c from the output port 131c; Xd from the output port 13 Id. 
Similarly, when the lights respectively having wavelengths A,a, Xb, Xc, and Xd are fed to 
the input ports 130a-130d respectively, the lights respectively having wavelengths Xa, 
A,b, Xc, and Xd are respectively outputted from the output ports 13 la- 13 Id according to 
the rule shown in FIG. 27. 

[00214] The wavelength demultiplexers 84a-84d of each of the communication nodes 
lOOa-lOOd respectively have a function of selectively outputting the incoming lights 
according to their wavelength, as shown in FIG. 28, to different output ports 201a-201d. 
The wavelength demultiplexers 84a-84d employed for the present embodiment 
respectively output, as shown in FIG. 28, the lights respectively having the wavelengths 
Aa, Xb, Xc, and Xd from the output ports 201a, 201b, 201c and 20 Id respectively. 
[00215] First, the process of the communication among the communication nodes in 
the case of the network composition shown in FIG. 26 will be explained. In the 
following, the process, in which the optical signal 76a sent out from the communication 
nodes 100a connected to the input port 101a of the router 80 is transmitted to the 
destination node 100c, will be explained giving an example. 

[00216] The optical signal 76a and the optical label signal 77a sent out from the 
communication node 100a addressed to the communication node 100c are inputted to 
the input port 101a of the router 80. The optical signal 76a and the optical label signal 
77a fed to this input port 101 are separated respectively by the wavelength 
demultiplexer 74 for the first optical path connected to the optical receiver 78e, and for 
the second optical path connected to the optical delay device. 

[00217] The optical label signal 77a routed to the first optical path is guided to the 
optical receiver 78e connected to the optical gate control system 107. On the other 
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hand, the optical signal 76a routed to the second optical path is guided to the optical 
gates 75a-75d through the optical delay device 104 and the optical splitter 79. 
[00218] The optical signal 76a fed to the optical gates 75a-75d is outputted from the 
optical gate 75i (i denotes any one of a, b, c and d), which has been selected according 
to the information of the optical label signal 77a which has previously been received by 
the optical receiver 78e. In this case, the selection of the optical gate is controlled by 
the optical gate control system 107. The output port of the optical gate 75i is connected 
to the optical wavelength converter 93j (j denotes any one of a, b, c and d), and the 
optical length converter 93j converts the wavelength of the optical signal 76a into the 
wavelength adapted for routing to the communication node 100c by the cyclic- 
wavelength arrayed-waveguide grating 120 having the wavelength routing function. 
[00219] In the case of the communication from the communication node 100a to the 
communication node 100c, since each of the output ports of the optical gates 75a-75d 
are connected to the input port 130a of the cyclic-wavelength arrayed-waveguide 
grating 120 by way of the optical combiner 73, the wavelength converters 93a-93d and 
the wavelength multiplexer 94a, the wavelength of the optical signal routed to the 
communication node 100c by the cyclic-wavelength arrayed-waveguide grating 120 is 
Xc as illustrated in FIG. 27. In consequence, the optical gate 75c is selected to open the 
optical gate by the control signal outputted from the optical control system 107 for 
passing and outputting the optical signal 76a from the output port of the optical gate 
75c, which is connected to the wavelength converter 93c designed for converting the 
wavelength of the optical signal 76c into the wavelength \c. 

[00220] The optical signal 76a outputted from the optical gate 75c is guided to the 
wavelength converter 93c, which is connected to the output port of the optical gate 75c, 
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to have its wavelength converted into Xc and guided to the input port 130a of the cyclic- 
wavelength arrayed-waveguide grating 120 by way of the wavelength multiplexer 94. 
The optical signal 76a guided to the input port 130a is outputted from the output port 
131c of the cyclic-length arrayed-waveguide grating 120 connected to the 
communication node 100c by the wavelength routing function of cyclic-wavelength 
arrayed-waveguide grating 120 as shown in FIG. 27. 

[00221] The optical signal 76a outputted from the output port 131c passes the output 
port 102c of the router 80 and the optical transmission line 83c to arrive at the input port 
of the wavelength demultiplexer 84c in the communication node 100c. The wavelength 
demultiplexers 84a-84d employed for this composition example have the wavelength 
demultiplexing characteristic shown in FIG. 28, so that the optical signal 76a is 
outputted from the output port 102c of the wavelength demultiplexer 84c and received 
by the optical receiver 78c of the communication node 100c. 

[00222] Similarly, the optical signal 76i (i denotes any one of a, b, c and d) 
transmitted from the communication node lOOi (i denotes any one of a, b, c and d) to 
the communication node lOOj (j denotes any one of a, b, c and d) is sent to the 
communication node lOOj through the router 80. 

[00223] Especially, in the router 80, the optical gates 75a-75d, which are set in the 
open state respectively when the optical signals 76a-76d and the optical label signals 
77a-77d transmitted from the communication nodes lOOa-lOOd addressed to the 
communication node that transmitted them are received, are provided. Therefore, when 
the communication node 100a has transmitted the optical signal 76a addressed to itself, 
the optical gate 75a is set in the open state, whereby the wavelength of the optical signal 
76a is converted into Xa by the wavelength converter 93a. The optical signal 76a 
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having wavelength Xa is guided to the output port 131a of the router 80, connected to 
the communication node, by the cyclic-wavelength arrayed-waveguide grating 120 and 
received by the controller 1 10a of the node 100a through the wavelength demultiplexer 
84 and the optical receiver 78a. 

[00224] Similarly, when the communication node 100b has transmitted the optical 
signal 76b addressed to itself, the optical gate 75c is set in the open state, whereby the 
wavelength of the optical signal 76b is converted into Xc by the optical wavelength 
converter 93c, guided to the output port 131b of the router 80, connected to the node 
100b, by the cyclic-wavelength arrayed- waveguide grating and received by the 
controller 110b of the node 100b through the wavelength demultiplexer 84b and the 
optical receiver 78c. 

[00225] Similarly, when the communication node 100c has transmitted the 
optical signal 76c addressed to itself, the optical gate 75a is set in the open state, 
whereby the wavelength of the optical signal 76c is converted into by the wavelength 
converter 93a, guided to the output port 131c of the router 80, connected to the node 
100c, by the cyclic-wavelength arrayed-waveguide grating and received by the 
controller 110c of the node 100c through the wavelength demultiplexer 84c and the 
receiver 78 a. 

[00226] Further similarly, when the communication node lOOd has transmitted the 
optical signal 76d addressed to itself, the optical gate 75c is set in the open state, 
whereby the wavelength of the optical signal 76d is converted into Xc by the wavelength 
converter 93c, guided to the output port 1 31 d of the router 80, connected to the node 
lOOd, by the cyclic- wavelength arrayed-waveguide grating and received by the 
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controller llOd of the self-communication node lOOd through the wavelength 
demultiplexer 84d and the optical receiver 78c. 

[00227] In the case of the router 80 of this example too, it is necessary for the optical 
signal 76i (i denotes any one of a, b, c and d) to pass the optical gate 75j (j denotes any 
one of a, b, c and d) respectively with proper timing. Therefore, in the case of the 
present example too, similarly to the case of the composition example 1 of the second 
embodiment, each of the communication nodes lOOa-lOOd has the transmission time lag 
adjusting function relating to the present invention, namely, the functions for 
transmitting the optical signal 76i addressed to the communication node that transmitted 
it and the corresponding optical label signal 77i (i denotes any one of a, b, c and d) 
carrying the address information of the optical signal maintaining a certain transmission 
time lag T, receiving the optical signal addressed to the communication node that 
transmitted it through the router 80, diagnosing the received optical signal by each of 
the controllers HOa-llOd of the communication node and independently arid self- 
supportingly adjusting the transmission time lag between the optical signal and the 
optical label signal according to the result of the diagnosis. 

[00228] In the case of this example, the procedure for setting the transmission 

time lag T between the optical signal 76i and the corresponding optical label signal 
which are transmitted from each of the communication nodes lOOa-lOOd are similar to 
those shown in FIG. 24 and FIG. 25. 

Other Embodiment 

[00229] Needless to say, the object of the present invention can also be attained by 
providing the system or the equipment with a memory (or storage medium) storing the 
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program of a software for realizing the function of the embodiment so that the computer 
(CPU or MPU) of such system or equipment reads out the program codes stored in the 
memory for the execution of the software. In this case, the program codes read out 
from the memory are employed for performing the function of previously described 
embodiments, and the memory storing the program codes constitutes the present 
invention. For the memory for storing the program codes or the data of variables such 
as the table or the like, floppy disk, hard disk, optical disk, optical magnetic disk, CD- 
ROM or the like may be employed. 

[00230] The present invention has been described in detail with respect to preferred 
embodiments, and it will now be apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without departing from the invention in its 
broader aspect, and it is the intention, therefore, in the appended claims to cover all such 
changes and modifications as fall within the true spirit of the invention. 
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